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(5£) Exhaust gas reactor 

(57; An exhaust gas reactorcomprises 
at least firs: and second open-pore . 
ceramicfoam plates which arearranged 
in succession in the direction of flow 
tnroucr. the reactor. The plates of 
ceramic foam have a catalytically active 
surface iayer thereon. Filter plates of 
uncoatec ceramic foam may 
additionally be provided upstream and 
downstream of the first-mentioned 
plates. 
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SPECIFICATION 

Exhaust gas reactor and process for the production 
thereof 

The.inv^ntion relates to. ah exhaust gas reactor, for 
e x a m P !5X 9 r u s e w 1 1 h 4 a n internal combustion engine 
and a process for the production of such a reactor. 
The'term exhaust gas is used in this specification 
10 in a broad sense and may therefore embrace exhaust 
gas from an internal combustion engine as well as 
exhaust or waste gas from other sources, such as a 
paint spraying booths ■ . . 
One, form of an exhaust gas reactor comprises a ' 
15 refractory carrier material in the form of a monolithic 
block of o'pen pore ceramic foam, which has thereon 
a catalytically active surface layer. 

Porous ceramic foam is produced by an open-pore 
plastics foam being filled with a slurry of ceramic 
20 material, and then vaporising the plastics foamat 
elevated temperature. The porous ceramic foam 
produced in that way is also of an open-pore nature 
and is then provided with a catalytic layer which is 
matched to the respective chemical process 
25 involved. Catalysts produced in that way from 
porous ceramic foam are subjected to further 
processing to produce monolithic blocks of 
appropriate size, and used in that form. 
According to the present invention, there is 
30 provided an exhaust gas reaciorincluding a 

refractory carrier means of open-pore ceramic foam s 
comprising at least two plates which are disposed in 
succession in the direction of gas flow through the 
reactor, and a catalytically active surface layer on the 
35 carrier means. 

Tests have been carried out which show that an 
exhaust gas reactor which is constructed from a 
plurality of successively disposed plates is 
substantially more efficient in operation than an 
40 exhaust gas reactor.consisting of a monolithic block 
of appropriate size. Furthermore, an exhaust gas 
reactor comprising a plurality of plates is 
substantially easier to manufacture and it is also 
easierto provide it with a catalytically active surface 
45 layer, than a large monolithic block. It is possibleto 
arrive at a made-to-measure construction, 
depending on the particular composition and 
temperature of the waste or exhaust gases which are 
to be subjectea to the post-combustion procedure. 
50 by virtue of the plates being of suitable composition', 
configuration and dimensions. In addition, the 
reactor can be rapidly adapted to the respective 
ODerating conditions invoived. particularly in the 
event of changes therein, by vinueof the insertion or 
55 reoiacement of plates. All in all. because of the large 
internal surface area of the ceramic foam, the 
exhaust gas reactor can be small in volume, in 
relation to the respective gas through-put thereof. A 
compact exhaustgas reactor of that nature is 
60 particularly important when, in connection with 
subsequent fitting to motor vehicles, a conventional 
silencer box or muffler is to be replaced by an 
exhaust. gas reactor which must take account of the 
preoetermined dimensions and concitions of 
65 installation of the respective silencer box or muffler. 



Bes.des the very large internal surface area of a 
ceramic foam, relative to its external volume a 
critical consideration in regard to the level of' 
™ eff ^ ,e u ncy of an exnausj.gas.reactor in accordance 
70 with the present invention js also the high level of 
reaction proDabi!ity,vvhjch is provided by the 
micro-turbulent post,fJ6w of the individual rods or 
nbres of the ceramic fpann. 

In accordance with a.Vurther feature of the 
75 invention, the porosity of tne plates is between 1 0 
and 60 ppi (pores per inch), and preferably between 
TO and 30 ppi. The.refenence to pores per inch (ppi) 
denotes the number^ofi^ores.per inch as a unit of 
length. . .. 

80 A further embodiment of a reactor according to the 
invention advantageously provides that plates of a 
different configuration^ nature may be used. The 
different configuration or nature may be that the 
porosity of the plates is different, for example a plate 
85 with coarse pores is followed by one or more plates 
with finer pores. However the different configuration 
• or nature may additionally or alternatively involve 
different catalytically. active surface layers. 
Furthermore and possibly in addition thereto the 
90 plates may be of different shapes and sizes in order 
for example to produce a given flow characteristic in 
aerodynamic respects. 

Afurtherfeatureof the invention may provide that 
one or more uncoated plates is or are arranged 
95 upstream and/or between and/or downstream of 
catalytically coated plates. In that connection the 
uncoated plates act in particular as a filter means. In 
that way, undesirable particles in the gas flowing 
intothe reactor are filtered out of the gasflow priorto 
100 passing into the part of the reactor in which reaction 
occurs, and reaction products are filtered out of the 
gasflow if further uncoated plates are arranged 
within the coated plates of the reactor or 
downstream thereof. The'pore size of the uncoated 
105 filter plates is to be matched to the size of the 

particles which are to be filtered out of the gas flow. If 
an uncoated plate with very fine pores is disposed at 
the downstream end of the reactor assembly, it is 
possible to ensure that any particles of the ceramic 
110 carrier material which come loose do not pass into 
the atmosphere, together- with constituents of the 
washcoat base layer.and the cataiyst material. 

In one embodiment of a reactor, the individual 
plates thereof may bear against each other in a 
115 sandwich-like construction. An advantageous 

feature of the invention provides however that the 
plates are arranged at a spacing from each other, in 
which respect the spacings oetween the plates may 
be the same or may vary .The spacings between the 
120 plates prevent the gases from forming preferential 
through-flow paths, whicnwouid have the result that 
parts of the plates woujd not have gas flowing 
therethrough or would have less gas flowing 
therethrough, so that the level of efficiency would 
125 drop, in relation to unit of surface area. If the spacing 
between plates is correctly chosen, turbulent effects 
occur between the pl3tes. ; which ensure that the gas 
flow is balanced and equalised out. The spacings 
between the plates are aisp.to be selected having 
130 regard to the flow speeds'through the reactor, the 



dimensions of the rptes and the o-cpemescM the 
respective cases lo^lyfc. in mat connection 
however the spacing pnoLifd be te^t as small as 
possible, having reoarq to the reactor being of a 
5 corn pact a esign/ 

if. in accordance w.itn a fi.rtne-acvantaaeous 
feature cf i^e inve-M.w.. the glares are individually 
mterchangeaoie. men a reactor of tret naiure is 
s.mpier.anc less expensive from the point of view of 
10 maintenance than a reactor whicn uses a monolithic 
block. In tr.ai case individual plates can be replaced 
for repair or exchanged for c:hs- p:ares. if the 
operating conditions alter. To remove the dust which 

h as been Droduceo.:tn.enbove-:"er...oneounco3ted 
15 filter plates may be exenanprr. or o~lv cleaned after 
thev have been removed. 

A.panicularly acvantaaecus development which is 
also an aspect of independent significance provides * 
thai the catalyst materia* uf'so comprises at Jeast one 
20 non-nqbfe metal oxide. • 

The reaction temoerature of such oxides is higher 
than that of noble metals whicn are conventionally 
used. for example pietir.urr.. and is between about 
450 and 75D C. As a result, the level of effectiveness 
25 scarcely Decreases, even under r.icn loading and at 
hicn temperatures, so mar such a .-pectoris * 
particularly suitaole ncx just ior internal combustion 
engines of motor venictss cut also for stationary 
engines. The non-noble metal oxides are also 
30 resistant to lead poisoning oheno.mena and to other 
noxious substances sucn as cn'orine. fluorine and 
suiohur. as occur in me ur.cieaned cases of 
stationary engines. 

in a oreferred feature of the invention, the 
35 caisiytica.'iy ac:ivs surface ieyer of a non-noble metal 
o x i c e m a y b e a r ra n g ec c n w n a t i s "kn c wn a s a 
wasnccet baselayer of aluminium oxide j n ii S 
* : -mooific2:ion for—. S-cr a washcoat base layer is 
known and provides fo f a more -arid and better 
■40 reaction. In order :o : mo rove icng--:e r m stability, 
ascitives maybe accec :c :^e oasc a yer, for 
exam Die comoouncs c* ess^erts -'-en the rare eanh 
grcuo. 

ir. order to orovide a reducing reaction, a fu.nher 

45 emoodiment of the invention orovices for usinc a 
ca;a:ys; materia! cc.morisi.no a: !=as; one oxide cf the 
following metals: Iron. \ ~e z O : or Fe : .0-\ cobalt (CoO 
or C c ^ O or Co-G.: ■ . n:cKei t.\ ; C or r*; jOji, titanium 
; T:C : ;, vanadium ■ v ; C=-. enromium 0 : 0 5 ;, 

50 mc:ybdenum I'McO:.. tungsten {V/O?:. and 

manganese TvmO c Mn : C : . or ;Vn : 0-j. or ax least a 
mix-.ure of at ;ees: :.vc :re.-ecf. 

~c orovioe an oxic^sing reaction. :he cataiyst 
material of tne r'eacto' ma v ccmbrise a: least one 

55 c:<;ce cf a; ;east one of me following metais: copper 
.Ci-O/. chromium (Cr-C.- ; . moiyodenum {Mo0 5 }. 
tungsten (V/0 3 i, manganese iMr-0 or Mn : C ? or 
Mn 3 C ; l. vanadium . V : C : - 1 iron s Fe ; C 2 ) or at least one 
mixtu-e of a: least two thereof. 

50 In a further advantageous embodiment of the 
invention, the reactor may be of a two-stage 
configuration, vyith a recucing -eaction taking place 
in trSe.first stage and-sr. c>: • c ! sine r eaciior. taking 
piace in the second stage. For example, in the first 

65 stage of an exhaust ges reactor for interna! 



combustion engines, nitrogen oxides .NO ) are 
reduced to harmless nitrogen at tne catalyst material 
by means of the carbon monoxide (CO) in the 
exnaust gas. Then/the second stage involves 
70 ox.dation of the ex.cess.carboi, monoxide to form 
carbon dioxide, wilh.pxygen possibly also beinq 
added, in the form.pf air. In other areas of use ofsuch 
a reactor, it is also.possible to provide for the 
ox.dation of other constituents, in particular organic 
/b components., for example hydrocarbons. Such 
constituents occur inter alia in the waste or exhaust 
gases from oaint spraying booths. The two stages of 
the reactor each have at least one plate and may be 
arranged in separatehousings or in a common 
80 housing. At least one uncoated filter plate is 

desirably arranged upsireamofthe first stage so 
such a filter can afsoAretain soot panicles which can 
then undergo postrcombustion if the initial filter 
reaches a temperature.above 600X. The second 
85 stage may be followed by an uncoated fine-pore 

filter plate, constituting a very fine lUier which retains 
in particular pieces o.f.ceramic carrier material which 
have come away.. , 

In anotheraspect. the present invention also 
90 provides a process for ihe production of an exhaust 
gas reactor, wherein, a -non-noble metei oxide is 
added to the slurry yyhjeh, as referred to in the 
opening pan of this specification, is used to produce 
the ceramic foam from ppen-pore plastics foam. 
95 After calcination of the foam which is coated with the 
ceramic material, the non-noble metal oxide is then a 
constituent of the ceramic material and is thus also 
present at the surface thereof. Such a mixing effect 
may be used in panicular when the oxide is 
100 comparatively inexDensive. 

An alternative option in regard to tne process for 
producing the exnaust gas reactor according to tne 
invention provides that the foam which has oeen 
coatee with ceramic material and ore-cried but not 
1 05 yet subjected to the calcination ooeration may be 
coated, preferably by a dipping ooeration, with a 
panicular susoension.or slurrv which contains the 
non-noble metal oxide-and ootionaliv further 
constituents which promote adhesion cf tne oxide as 
1 10 well as the catalytic function. Besides for example 
titanium dioxide, the suspensior or slurry may 
additionally contain the materia! for The base lave' 
(aluminium oxide). ; 
Another form of procedure for aooivinc the 
115 catalyst material in the reactc ecccroing ;o the 
invention provides that the foam whicn has been 
coated with ceramic material and ocssiciy the base 
layer and whicn may or may not nave Deen subjected 
to the calcination operation is imoregnated with a 
1 20 solution of a metal salt of the nor-nooie metal to be 
used, and then the metai.is convenec into the metal 
oxide by a heat treatment such as calcination, and 
fixed on the ceramic foam. 

The reactor according to the invention is 
125 inexpensive to manufacture, enjevs a wide range of 
adaptability and has a high level of efficiency, even at 
high temperatures, while being easy and simple to 
maintain and being capable of aoaoting to altering 
operating conditions. 
130 Embodiments of a reactor according to the 



invention and me process 'or the production thereof 
will now Dt describes Dvwav of example with 
reference to tne accompanying c rawing in which: 
Figure Ms a diagrammatic view in longitudinal 
5 section of a first embpoiirnent of the reactor 
according 10 iheinver. vp$: 3 n a 

Figure 2 is a basic viev^ih 'longitudinal section of a 
two-stage reactor as a second embodiment of the 
invention: • " '< 

10 Referring to the diagrammatic view in Figure 1. an 
exhaust or waste gas reactor according to the 
invention comprises three oiates 1 of open-pore 
ceramic foam with a catalytically active surface layer 
thereon', which are arranged in succession in the 
1 5- direction in which the gas flows through the reactor, 
as indicated by the arrows 10 and 1 1. 

Disposed upstream of tne first reactor plate 1 is a 
further plate 2 of open-pore ceramic foam, which is 
not coated with catalyst material. The plate 2 serves 
20 as a filter plate for panicies contained in the flowof 
exhaust gas. Furthermore^'arranged downstream of 
the last.reacibrp'aie 1 is a very fine filter plate 3 of 
open-pore >' ceramic r'b a nrf without a catalyst coating 
thereon .iTh'e p I a i e 2 ha sv' e r y f i n e p o r e s a n d f i 1 1 e rs 
25 out of thagas flow particle's of the ceramic base 
material whicn have come loose. The spacings 
between the inclvicuai oiates 1.2 and 3 provide for a 
turbulent effect therein. Tncse spacings are selected 
to be non-uniform in sucn a way that the reaction is 
30 as complete as possio:e. tne flow resistance is at a 
low level and the dimensions of the arrangement are 
not excessive. 

Figure 2 is a diagrammatic view of a two-stage 
reactor. The two staces are arranged in separate 
35 casings or chambers - and 5 which are in 

communication by wav of a pipe 6. The waste or 
exnaust gas 10 be treated fiows into the casino 4 in 
the direction indicates oy the arrow 10. Arranged 
first in tne casing z 's sr. uncoateb filter plate 2 which 
4C is followed at a spacing by two spaced-apart reactor 
plates 1 whicn are ccarec w*;r. catalytically active 
material, in tne oiates '< . :ne nitrogen oxiaes (NOJ in 
the gas react with the ca-oon monoxide (COI which is 
aisc- present therein. vrin tne nitrogen oxides being 
-..45 recuted to non-toxic n : :rocen. In the pipe 6. air is 
then added to the exr.sjs: gas by means of a nozzle 7 
from a r ipe c. for exsrrr'e cv means of a pump in the 
form c* a biowsr. If :: is assumec the: the denoxed 
ces in tne oioe 5 si'.-, r.as a component of about 1 c e 
5C CO. tnen aoout G.5 : : G : from the air must be acc'ec 
for complete com oust ion. With an oxygen 
component for aoc j: 20 s ;. th2t means the addition 
of about 2.5 s - air. As operation is usually conducted" 
at higher th2n stoicnicmetry, about double the 
55 amount is aocec in a practical situation, mat is to say 
about 5 : .o air. 

Intnecasinc5.thecasagain first flows through a 
filter 2 and tnen two reactor plates 1 . at the surface of 
whicn the Cc'bon mrncxice undergoes combustion 
60 to form caroon cicx:ce. A very fine filter plate 2 atthe 
outlet of the casing 5 eliminates reaction panicles 
ana fine ousts 

One smbbcimen-.of ipe reactor according to the 
invention used chromium trioxide as the metal 
65 oxic:e. The ceramic '"cam carrier material was 



impregnated with ammonium clichromate solution 
(between 3 and 25%) and then the substance was 
thermally decomposed to form chromium trioxide 
(Crn0 3 ), on the carrier material. The ammonium 
70 dichromate may also be reduced with a reducing 
agent such as for example isthanoi or ascorbic acid, 
to form trivaleni chromium trioxide. Fixing on the 
carrier material is lhen r eftecte'd by drying and 
calcining. The thermal expenditure involved in such 
75 a procedure is slight. . 

Various forms of process may be employed for 
producing a reactoras described above: for 
example, when using a slurry of ceramic material to 
fill an open-pore plastics foam which is then 
80 vaporised at elevated^temperaiure to produce a 
porous ceramic foam; the catalyst material such as 
the non-noble metal oxide referred to above may be 
added to the slurry used to fill the plastics foam 
which is then removed in the manner stated. 
85 Alternatively, the foam pi ay be coated with ceramic 
material and then impregnated with a solution of a 
salt of a non-noble metajlthe salt then being 
converted into the metal. oxide and fixed on the 
ceramic foam. . 
90 It will be appreciated that the above-described 
embodiments of the reactor and process according 
to the invention have been set forth solely by way of 
example thereof and that various modifications and 
alterations may be made tjierein without thereby 
95 departing from the scppe of the invention as defined 
by the appended claims. 

CLAIMS 

100 1. An exhaust g as reactor including a refractory 
carrier means ot open-pore ceramic foam, 
comprising at least two plates which are clisoosea in 
succession in the direction of gas flow through tne 
reactor, and a catalytically active surface layer on tne 

105 carrier means. 

2. A reactor according to claim 1 wherein the 
porosity of tne plates is between 10 and 60 opi. 

3. A reactor according to claim 2 wne rein the 
porosity of the plates is between 10 and 30 ppi. 

110 4. A reactor according toclaim 1 and comprising 
plates of a different configuration or nature. 

5. A reactor according toclaim 4 wherein the 
porosity of the plates is of different sizes. 

6. A reactor according to claim 4 or claim 5 

1 1 5 wherein the plates have different catalytically active 
sunacelayers. 

7. A reactor according to any oneof claims 4. 5 
and 6 wherein the plates are of different shapes. 

8. A reactor according to any one of the 

I 20 preceding claims and comprising one or more 

uncoated plates disposed upstream and-or between 
and or downstream of the catalytically coated plates. 

9. A reactor according to one of the preceding 
claims wherein the plates are arranged at a spacing 

125 from each other. 

10. A reactor according to claim 9 wherein the 
spacing between the plates varies. 

11. A reactor according/10 one of the preceding 
claims wherein said plates are individually 

130 interchangeable." 
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1 2 : .":' A'reactor according 10 ' c- ol the preceding 
claims wherein the catayist material useo includes at 
least one non-noble metal oxide. 

13. A "reactor according to one ol the preceding 
5 clairns..wherein said catalytically active surface layer 
is arranged orva base layer.lwashcoat) of aluminium 
oxtde'(AlVO;j in the'.Y-m'odification iorm. 

14! ^ A reactor according to claim 1 2 or 1 3 wherein, 
for a reducing reaction, the catalyst material 
10 comprises at least one oxide of at least one of the 
following metals: iron, cobalt, nickel, titanium, 
vanadium^ chromium, molybdenum, tungsten, and 
manganese or a mixture of at least two thereof. 
1 5./ A reactor according to claim 12 or claim 13 
1 5 wher'eip;:f or an oxidising reaction, the catalyst 

mat'erja^ asi one oxide of at least one 

of the following metals; copper, chromium, 
molybdenum; tungsten, manganese, vanadium, iron 
or a mixture of at least two thereof. 
20 16i; ; -v f A. reactor according to one of the preceding 
claim's vy hi ch comprises at least first and second 
st ages' "oi.sdjh a nature that in operation a reoucing 
. reacVib^take's^Pla.ce inYthe first stage and an 
oxiaj.sip^/^^c^rqn_i^kes.plate «n the second stage. 
25 1 ? : ^'^rM- ct ^^ ^ccording to claim 1 6 wherein said 
first and second stages each comprise at least one 
plaie.and they are arranged in a common housing. 

1 8. - A reactor according to claim 1 6 or claim 1 7 
and. further including an uncoated filter plate 

30 arranged upstream of the first stage in the direction 
of flowthereihrough. . 

19. 'A reactor according to one of claims 16 to 18 
and further comprising an uncoated fine-pore filter 
plate arrangeo downstream of the second stage in 

35 the direction of flow therethrough. 

20: ^.'A.reactor according to one of claims 1 6 to 1 9 
wherein/air is injected into the flow of gas through 
the reactor, between.said firs: and second stages. 

2 1. $/Ah exhaust cas.reactor substantially as 

40 here'jQbefore cescribea with reference'to Figure 1 of 
th e ,a ccp'm p a r.yi ng d raw: n g s. 

22. ;. : A.n exhaust gas.reactor substantially as 
hereinbefore described-with reference to Figure 2 of 
the accompanying -drawings. 

45 , 23! V' A process for the production of a reactor 
according to anyone of claims 12to 20comprising 
introducing a slurry of ceramic material into an 
open-pore plastics foam and then removing the 
plastics foam, wnerein said non-noble metal oxide is 

50 acoed to the slurry used to produce the ceramic 
foam from the open-pore plastics foam. 

24. A process for producing a waste gas reac:or 
according to any one of claims 1 2 to 22 comprising 
introducing a slurry of ceramic material into an 

5= open-pore plastics foam and then removing the 

plastics foam, wherein said non-noble metal oxice is 
added to a suspension, and the foam which is coated 
with ceramic material and which has been pre-criec 
iscoa.ted with the suspension, preferably by a 

60 dipping process, and then it is subjected to 
calci0au,on.;i>.,. ■ ■? • 

•2 5^§t{i r cj c e s si a cc o r.d i rig to claim 24 for 
prpducTo.g'-a.reactor according to claim 13 or any 
claim appendant thereto wherein the material iAi r C.-: : 

65 of the base layer is additionally mixed with the 



suspension. ; - 

26. A process for the production of a reactor 
according to any one of claims 12 to 22 comprising 
introoucing a slurry of. ceramic material into an 

70 open-pore plastics foam and then removing the 

plastics foam; where^he foam which is coated with 
ceramic material ana optionally a base layer and 
whicn is in a calcined oruncalcined condition is 
imoregnated with a solution of a metal salt of a said 

75 non-noble metal and the metal salt is then convened 
into the metal oxide by chemical reaction and/or 
calcination, and fixed on the ceramic foam. 

27. A process for the production of a reactor, 
according to any one pfcjaims 23 to 26 and 

80 substantially as hereinbefore described. 

28. An exhaust gas:reactor substantially as 
herein described withfeference to the 
accompanying drawings. 
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